authors use different assay conditions and different test cultures to study the antibiotic activities of cellobiose and sophorose lipids and, hence, it is difficult to compare the antimicrobial effects of these compounds. The pH optimum and the mechanism of fungicidal effect of sophorose lipids are of particular interest. Cellobiose lipids are characterized by the pH optimum of 4-4.5 and the membrane-damaging activity 8 10 . For sophorose lipids, there is no information about their antifungal activity at acidic pH values and the mechanism of their action. We have chosen for comparison the Cryptococcus humicola cellobiose lipids and the commercial preparation of Starmerella bombicola sophorose lipids. These glycolipids possess some similarities in structures: they have acetate groups as O-substituents in the carbohydrate residues and a free carboxyl group in the fatty acid residues in bolarform.
The aim of this work was to compare the antifungal and antibacterial properties of cellobiose lipids and sophorose lipids against the same yeast and bacterial strains under the same conditions and to find out whether sophorose lipids possess a membrane-damaging activity.
EXPERIMENTAL METHODS

Glycolipid preparations
The culture of Cr. humicola strain 9-6 kindly provided by Dr. W. Golubev was grown for 14 days in the medium described previously 8 . The glycolipid was purified from the culture liquid by precipitation at acidic pH values 17 . After the cultivation, the pH value of the medium was adjusted to 2.0 with 2N HCl, and the solution was incubated for 30 min for glycolipid absorption on the biomass. The latter was separated by centrifugation at 6000 g for 40 min, suspended in methanol for glycolipid extraction, and incubated at 0 for 24 h. Then the biomass was removed by filtration through a glass filter. Methanol solution was evaporated in a rotor evaporator, and the residue was suspended in deionized water. The precipitate was separated by filtration through a glass filter and dissolved in methanol; undissolved components were removed by filtration. The resultant methanol solution contained cellobiose lipids. The Sopholiance, the commercial preparation of sophorose lipids of Starmerella bombicola Sopholiance, France , was used in this work. The company does not reveal its production details. It is only indicated that this is a sophorose lipid obtained by methyl rapeseedate fermentation of Candida Starmerella bombicola: Sopholiance is a bio-surfactant belonging to the sophorolipid family. It is a green surfactant approved by Ecocert and Cosmos http://www.innovadex.com/PersonalCare/Detail/ 6384/220593/Sopholiance-S .
APCI-MS analysis
Methanol solutions of glycolipids 0.0001 mg/mL were analyzed with a LCQ Advantage MAX quadrupole mass spectrometer Finnigan by atmospheric pressure chemical ionization and negative ion mass spectrometry.
Cultivation of test cultures
The yeasts Candida albicans JCM 1542, C. tropicalis RBF 988, and Filobasidiella neoformans IGC 3957 were grown in a glucose-peptone medium containing g/L : glucose, 10; peptone enzymatic, United States , 5; yeast extract Fluka, Germany , 4. The cultivation was performed on a shaker at 28 for 2 days.
The bacteria Escherichia coli K-12, Streptococcus salivarius B-907, and Micrococcus luteus B-1819 were grown in a liquid 5.5 medium B containing g/L : yeast extract, 1; soybean extract, 30; aminopeptide, 60; tripton, 5; pH 7.2.
MIC assay
Antibiotic activities were assayed by placing the inoculum standardized by cell number per unit of volume , the nutrient medium, and the methanol solution of glycolipids directly into a sterile plate with a cover. After the cultivation, optical density was determined using plate photometers. No growth inhibition was observed in the control samples with methanol aliquots.
Antifungal activity was assayed in the above media for yeast cultivation containing 0.04 M citrate-phosphate buffer, pH 4.0 or 6.0.
Methanol was removed from glycolipid preparations by drying for antibacterial activity assay, and glycolipids were suspended in 0.04 M citrate-phosphate buffer, pH 6.0. Culture samples were incubated with glycolipids in the plate wells in 50 μL of 0.04 M citrate-phosphate buffer, pH 6.0, for 1 h at room temperature. Then 250 μL of the B medium was added into the wells and the cultivation was performed at 37 .
Glycolipid concentrations reducing the optical density of the culture by 50 were taken as MICs. Each experiment was repeated six times. The tables and figures show the average MIC values. These concentrations were selected considering the MIC determined in the previous step of our study. The control cells were incubated in the same buffer without glycolipids. The samples were incubated for 15 min at 25 . Then the cells were precipitated by centrifugation at 10000 g for 3 min and washed with the same buffer. Then cell precipitates were incubated with 0.05 mL of dimethylsulfoxide for 30 min at room temperature. The extracts were used for the luciferin-luciferase assay of ATP as described 18 .
Fluorescent microscopy
The cells of F. neoformans were incubated in 0.04 M citrate-phosphate buffer, pH 4.0, with cellobiose lipid 0.04 mg/mL or sophorose lipid 4 mg/mL preparation at room temperature for 30 min, washed with the same buffer, suspended in the same buffer with 0.5 μg/ml of ethidium bromide, and incubated in the dark for 30 min.
The cells were examined by phase-contrast and fluorescent microscopy in an AXIO Imager A1 microscope ZEISS, Germany with a filter kit 56 ZEISS at a wavelength of 450-500 nm excitation and 600-650 nm emission .
RESULTS
Mass spectrometry of glycolipid preparations
The structures of Cr. humicola cellobiose lipids 8 and
St. bombicola sophorose lipids 5 are known. However, the glycolipid mixtures obtained from these producers differ in composition depending on cultivation conditions and the method of purification 11 . In this work we have used a novel method for purification of Cr. humicola cellobiose lipids. In addition, the exact composition of Sophoaliance is not specified by the manufacturer. That is why we have used mass spectrometry for identification of glycolipid composition of both preparations. The negative-ion mass spectrum of Cr. humicola glycolipid preparation comprised two major bands m/z 779 and 823 , indicating the molecular masses of the main compounds of the preparation to be 780 and 824 Da. The band 807 was probably derived from the above compounds that had lost their hydroxyl groups 823 minus 16 Da . Other bans are minor.
The structures of glycolipids produced by Cr. humicola are reported earlier 8, 12, 19 . According to these data, the Fig. 1 a . Most often, the cellobiose lipid comprising 2,16-dihydroxyhexodecanoic acid is the major component of the mixture of glycolipids produced by Cr. humicola 8, 12, 19 . Our preparation was shown to contain more cellobiose lipid with the longer fatty acid, probably due to another method of purification. The methods used in this work yielded 250 mg/L of cellobiose lipids, while the method used previously yielded no more than 50 mg/L of glycolipid 8, 12, 19 .
The negative-ion mass spectrum of Sopholiance comprised two major bands m/z 663 and 705 , indicating the molecular masses of the main compounds of the preparation to be 664 and 706 Da. Sophorose lipids with such molecular masses are the major compounds secreted by St. bombicola 5, 20 . These are the mono-acetylated acidic sophorose lipid and the di-acetylated acidic sophorose lipid, both containing the C18:1 fatty acid residue Fig. 1 b . The minor bands with m/z 645 and 687 indicated the presence of lactonic forms of both sophorose lipids in the preparation. The minor band with m/z 747 probably indicated the presence of a sophorose lipid with an additional acetate group as O-substituent in the sophorose residue. So, the preparations of glycolipids under study consist mainly of acidic forms. It should be noted, that there is no information in the literature about any substantial secretion of the lactone forms of cellobiose lipids.
Antibiotic activities of glycolipids
The simplest and cheapest method of antibiotic activity assay is the standard technique of MIC minimum inhibitory concentration assay in immunoassay plates 21 Fig. 1 The mass-spectra of cellobiose lipid preparation of Cr. humicola (A) and sophorose lipids (Sophaliance) (B). In the parentheses are the molecular weights of major compounds.
at pH 4.0 were similar to those obtained previously by the method of survival assessment on agarized medium 12, 19 .
Sophorose lipids exhibited antifungal activity at approximately 100-to 200-fold higher concentrations compared to the cellobiose lipid of Cr. humicola. The difference in sensitivity between basidiomycetous and ascomycetous yeasts is observed for sophorose lipids similar to cellobiose lipids. The MICs for the basidiomycetous yeast F. neoformans were 0.005 and 1 mg/mL for cellobiose lipids and sophorose lipids, respectively. For the ascomycete C. tropicalis, MICs were 0.04 and 8 mg/mL for cellobiose lipids and sophorose lipids, respectively. So, the antifungal activities of Cr. humicola preparation were similar to reported earlier 11 . The prevalence of cellobiose lipid with C-18 fatty acid residue not reduced the antifungal activity. The antifungal activity of cellobiose lipids is higher at pH 4.0 than at pH 6.0. It is in agreement with the previous data 8, 9, 11, 12, 19 . As regards sophorose lipids, their antifungal activities were similar at both pH values. We have confirmed the thermal stability of both glycolipids using F. neoformans as a test culture. The fungicidal activities of glycolipid preparations did not decrease after their exposure at 90 for 1 h Fig. 2 .
The antibacterial activity of sophorose lipids is known 16 and favors successful application of these glycolipids in cosmetic industry 15, 16 . There is little information on the presence of such activity in cellobiose lipids. It should be noted that sophorose lipids at the above concentrations dissolved well in the buffer solution used, while cellobiose lipids dissolved to a concentration of 5 mg/ ml. Precipitate was formed at the higher concentrations of cellobiose lipids. The adsorption of cellobiose lipid solutions was measured without adding test cultures, and the resultant values were subtracted from experimental data. At the concentration of 5 mg/ml, neither of the glycolipid preparations inhibited the growth of bacterial strains used.
For sophorose lipids, this activity was reported to be higher against other bacteria. The growth of Gram-positive Bacillus subtilis and Micrococcus luteus was suppressed by 0.12-0.48 mg/L of sophorose lipids 1 . The growth of
Gram-negative Staphylococcus epidermis, Staphylococcus aureus, Streptococcus faecium, Propionibacterium acnes, and Corynebacterium xerosis was suppressed by 0.4 mg/mL of sophorose lipids 16 . The synthesized analogs of sophorose lipids were obtained and their antibiotic activities were analyzed 22 . These compounds consist of amino acids linked by amide bonds to the carboxyl group of fatty acid residues of sophorose lipids. All of the tested analogs showed an antibacterial activity against both Grampositive and Gram-negative bacteria. The leucine conjugate of sophorose lipid had the MIC values of 0.83 and 1.67 mg/ mL for Moraxella sp. and E. coli, respectively 22 .
Membrane-damaging activities of glycolipids
It is known that the fungicidal activity of cellobiose lipids is determined by their membrane-damaging properties 8, 9, 11, 12, 19 .
The convenient method for assessing membrane-damaging activity is ATP assay 18 . ATP content in the cells of F. neoformans was measured before and after the treatment with glycolipids Fig. 3 . The content of ATP in the control cells did not change after 15-min incubation. At the same time, the content of ATP in the cells treated with 0.04 mg/ mL cellobiose lipids and 4 mg/mL sophorose lipids decreased almost 2-fold and 4-fold, respectively. The effective concentration of sophorose lipids was much higher than that of cellobiose lipids, similar to the MIC assay. Thus, sophorose lipids cause ATP leakage from the cells of test culture, like cellobiose lipids. One more criterion of membrane-damaging activity is the change of membrane permeability for fluorescent dyes that cannot penetrate intact cells. One of such dyes is ethidium bromide 8 . Figure 4 shows that the cells of F.
neoformans treated with both cellobiose lipid and sophorose lipid were intensively stained with this dye. Phase contrast microscopy showed the lysis of the part of cell population treated with glycolipids. The data on antifungal activity obtained in this work are in agreement with the known data for cellobiose lipids 8, 9, 11, 12 .
However, the data on sophorose lipids are variable. The minimum inhibitory concentrations MIC against Candida albicans were above 0.2 mg/mL for the sophorose lipid of C. apicola 1 . The natural sophorose lipid mixture suppressed the growth of C. albicans and C. tropicalis by 30 and 25 , respectively, while some derivatives suppressed the growth of these two species by 100 at a concentration of 5 mg/mL 13 . The effect of pH on the antifungal activity of sophorolpids has not been investigated. The known literature data on their antifungal activity were obtained at pH values close to neutral. Taking into account the acidic pH optimum of cellobiose lipids, we checked the antifungal activity of sophorose lipids at acidic pH values. However, their activity was the same at pH 4.0 and 6.0. The similarities in antifungal activities of cellobiose lipids and sophorose lipids revealed in this work were thermal stability, membrane damaging, and more marked effect on basidiomycetes compared to ascomycetes. The data on ATP leakage and ethidium bromide staining indicate the membrane-damaging properties of these compounds. The antifungal activity of Cr. humicola cellobiose lipids exceeds the activity of sophorose lipids. The difference between the fungicidal activities of these glycolipids seems to be accounted for by additional hydroxyl groups in the fatty acid residue and more acetylated cellobiose residue. It should be noted that the critical micelle concentrations are 138 mg/L for diacetylated C18 sophorose lipid 23 and 43 mg/L for sophorose lipid mixture, while the values of 15-23 mg/l are reported for cellobiose lipids 8, 24 .
Our experiments showed low antibacterial activities for both glycolipids. In general, the antibiotic activity of natural yeast glycolipids is a useful additional property for their application as household detergents and cosmetics.
Conclusion
Thus, it has been shown that sophorose lipids have an antifungal activity but at higher concentrations than cellobiose lipids. The mechanism of action is based, as in the case of cellobiose lipids, on the membrane-damaging activity. Both glycolpids have low antibacterial activities against E. coli and other bacteria tested. No increase in fungicidal activity at acidic pH values is observed for sophorose lipids contrary to cellobiose lipids. Due to their relatively high solubility, sophorose lipids are interesting as antifungal agents, in spite of their lower activity compared to cellobiose lipids.
